F a m i l y b a c k g r o u n d a n d e a r l y l i f e R o b e r t K e n n e t h C a l l o w w as b o rn on 15 F e b ru a ry 1901 at G o rin g -o n -T h a m e s , O x fo rd sh ire . H is fath e r, a m e m b e r o f a M a n x fam ily, was C ecil B u rm a n B a n n iste r C allow ; he w as b o rn in 1865 and d ied at an early age in 1912, w h e n K e n n e th w as only 11 years old. K e n n e th 's p a te rn a l g ra n d fath e r, E d w a rd C allow , had b een very in te re ste d in th e Isle of M a n and in th e h isto ry of his fam ily. H e w as th e a u th o r of a book e n title d
K ing O rry to Queen V i c t o r i a , giving a h isto ry of th e Isle of M an and an acco u n t
of th e v ario u s legends associated w ith th a t island. K e n n e th in h e rite d th is in te re st in th e h isto ry of his fam ily, w h ich led h im back to B allafagle-e-C allow , a h a m le t so u th e a st of R am sey. K e n n e th C allow co u ld n o t confirm his g ra n d fa th e r's belief th a t he was a d e sce n d a n t of W illiam C allow , th e Q u a k e r (1629-75), w ho is b u rie d in th e old b u ria l g ro u n d of the M an x Q u ak ers at R u illick -n y -Q u a c k ery n , a n e a rb y hill. T h e c h u rc h yards of v ario u s villages in th e n e ig h b o u rh o o d co n tain m any m em o rials to C allow s, b u t w ith th e in co m p leten ess of detail in early reco rd s the c h u rc h reg isters do n o t enable th e fam ily tre e to be c o n stru c te d w ith any degree of reliab ility . T h e earliest reco rd of K e n n e th 's fam ily is of E d w ard C allow , a sh ip w rig h t of D ouglas, w ho lived fro m 1754 to 1831. H is g ran d so n , K e n n e th 's g ra n d fa th e r, d escrib ed h im se lf in 1846 as 'of th e Stock E x c h a n g e '. A t som e stage of his life his fo rtu n e s changed for the w orse ow ing to som e financial disaster, and he su b se q u e n tly lived in re tire m e n t. K e n n e th 's fath er, th e yo u n g est of six c h ild re n , was a p p re n tic e d as an electrical eng in eer, held posts w ith v arious firm s in clu d in g th e sh ip b u ild e rs T h o rn e y c ro ft in the Isle of W ig h t, and an electrical c o n tra c to r at G o rin g -o n -T h a m e s , w here K e n n e th was bo rn . L a ter, K e n n e th 's fath e r m anaged the E nglish b ra n c h of an A m erican firm , w orking in L u d g a te H ill. H e was a d m itte d as a F re em a n of the C ity of L o n d o n in 1910. K e n n e th 's fath e r was a cheerful m an w ho enjoyed good living and was very keen on sailing and seafishing. H is ap h o rism s w ere of the type 'If a jo b is w o rth doing at all, it is w o rth doing w e ll.' K e n n e th 's m o th e r 's fam ily resid e d in G a te sh e a d . H e r fa th e r w as a s h ip 's en g in eer, an d acco rd in g to K e n n e th 's belief, h eld p o sts in In d ia . H e r b ro th e r was a s h ip 's officer an d w as lost at sea. T h e m a te rn a l g ra n d fa th e r d ied in 1844, leaving his th re e d a u g h te rs w ho, closely u n ite d , cam e to L o n d o n to earn th e ir livings. K e n n e th 's m o th e r, K a te P everell, was b o rn in 1868, w as e m p lo y ed by a p h o to g ra p h e r, m e t K e n n e th 's fa th e r in L o n d o n , and th ey m a rrie d in 1896. K e n n e th 's fa th e r en jo y ed using his han d s; he h ad a h o b b y w o rk sh o p , a n d w as fond o f rea d in g , w ith a p a rtic u la r in te re st in R u d y a rd K ip lin g , M o rle y R o b e rts and W . W . Jacobs. T h e re was also an Encyclopaedia Britannica available at h om e, w h ich was used as a c o m p e n d iu m for gen eral k now ledge. K e n n e th C allow re m e m b e re d lea rn in g to read at th e age o f 4, an d an in te re st in books w as a p p a re n tly in stilled at an early age.
K e n n e th 's schooling began w ith a 'dam e sc h o o l' at B arnes, and c o n tin u e d w ith w h at K e n n e th d escrib ed as a 'd e p re ssin g p re p a ra to ry b o a rd in g school at M a rg a te '. In 1911, w h e n he was 10 years old, he e n te red w ith th e necessary in tro d u c tio n o f a C ity A ld e rm a n th e low est form of th e C ity of L o n d o n School, to w h ich he tra v e lle d daily fro m C lap h am . K e n n e th d escrib ed h im se lf as a b o okish boy, w ho got on well w ith th e school. In 1912, K e n n e th 's fa th e r died su d d e n ly a n d u n ex p ectedly of a p e rfo ra te d g astric ulcer. H is illness h ad b een d iag n o sed as 'in terco stal n e u ritis ', and th e w ro n g diagnosis affected K e n n e th C a llo w 's o u tlook on m ed icin e th ro u g h o u t his life. It caused h im to take an acute in te rest in h u m a n m edicine, b u t it e n g e n d ere d a d is tru s t of its p r a c tit ioners. K e n n e th 's m o th e r w as left, after se ttlin g a few sm all d e b ts, w ith a b o u t £ 3 0 0 . S he a tte m p te d to keep h e rse lf a n d h e r son afloat by taking in a lodger, b u t th is d id n o t solve h e r financial p ro b le m s. H is fa th e r's sister th en offered to take in K e n n e th , w ith his m o th e r em p lo y ed as a housekeeper. K e n n e th 's a u n t was deaf and a p p a re n tly a very difficult p erso n , and th u s the a rra n g e m e n t th a t had been m ade did n o t w ork o u t well and could n o t c o n tin u e for long. In th e a u tu m n of 1914 K e n n e th 's m o th e r fo u n d h e rse lf a jo b as a 'w a rd ro b e m is tre s s ' w ith the Royal U n ite d K in g d o m B eneficent A ssociation, receiving a w age of 15 shillings (75p) a w eek, and p aying ou t 11 shillings (55p) a w eek in re n t for room s in Pim lico. In his m em o irs, K e n n e th describ es th is acco m m o d atio n as co n sistin g of 'tw o c o m m u n ic a tin g room s and a sm all back ro o m on th e 1st floor, 17 S u th e rla n d S tre e t, w ith ru n n in g w ater and a W .C . on the lan d in g below sh ared w ith te n a n ts on th e 2nd and 3rd floors'. H e d escribes how his m o th e r's sister in the U n ite d S tates m ade existence possible by sen d in g £3 a week. K e n n e th w on a sch o larsh ip his school fees, and som ehow the fam ily m anaged. K e n n e th m en tio n s th a t his experiences in these years follow ing his fa th e r's d e a th left a p e rm a n e n t m ark on him : he learned to be careful w ith m oney, reta in in g into later life a relu ctan ce to th ro w pen n ies about; and secondly, he was shocked th a t a large p ro p e rty -o w n e r, the D u k e of W e stm in ste r, could c o n tin u e to be th e la n d lo rd o f a g rea t area o f slu m p ro p e rty , a d ja c e n t to w h ic h he lived, w ith o u t d o in g a n y th in g to im p ro v e c o n d itio n s. K e n n e th a c q u ire d a slig h t b u t d efinite bias to th e p o litical L e ft th a t p e rsiste d th ro u g h o u t his life. O n th e o th e r h a n d , he rem a rk s in his b io g ra p h ica l n o tes th a t th e w elfare state can be o v e rd o n e , a n d th a t stru g g le against adverse c irc u m sta n c e s is th e b e st w ay of d e v e lo p in g such c h a ra c te r as o n e 's genes have given one. K e n n e th C a llo w 's m o th e r sp e n t 20 years in h e r w o rk w ith R .U .K .B .A ., an d lived to th e age of 87. K e n n e th 's re la tio n sh ip w ith his m o th e r m u st have b een very close, an d he rec o rd s th a t th ey w ere fre q u e n t v isito rs to th e O ld V ic, w h ich was w ith in w alking d ista n c e o f th e ir hom e; a n d in sp ite o f long w aits in q u e u e s th ey saw m an y op eras, 4d (l^p ) in th e gallery, 7d (3p) in th e p it. H e also d e scrib es how he en joyed th e long w alk to S o u th K e n sin g to n and back to visit th e m u se u m s, and he knew th e N a tu ra l H isto ry , th e S cience, a n d th e V icto ria and A lb e rt m u se u m s very w ell.
A t th e C ity of L o n d o n S chool K e n n e th m o v ed to th e science side, an d he w as p a rtic u la rly im p re sse d by th e h ead of th e c h e m istry d e p a rtm e n t, G . H . J. A d lam , a g ra d u a te o f W a d h a m C ollege, O x fo rd , w ho was active in th e Science M a ste rs A ssociation. A d lam was p a rtic u la rly keen on in stru c tio n at th e b e n c h . K e n n e th d e scrib es how th ey w ere to ld 'to c o n s tru c t an a p p a ra tu s for p re p a ra tio n of a gas w ith th istle fu n n el, corks p ro p e rly b a re d , and glass tu b e p ro p e rly b e n t w ith th e en d s ro u n d e d off befo re b ein g p u t th ro u g h th e cork. H e w o u ld th e n ask th e lab. assistan t for a new tria n g u la r file a n d w alk ro u n d th e class in sp e c tin g o u r efforts: any w eak and u n sig h tly b e n d s w ere b ro k en by b ein g stru c k w ith th e file and th e boy h ad to m ake it a g a in .' A d lam also in sisted on good E n g lish , and was a keen s u p p o rte r o f th e litera ry p rize aw ard ed on th e science side. K e n n e th C allow w on th is in 1916, and in th a t year he was also aw ard ed a sen io r science sch o larsh ip th a t e n su re d th e financing o f his school career, and su b se q u e n tly , w ith A d la m 's advice, e n tra n c e to th e e x am in atio n s at O xfo rd in 1918.
A m o n g K e n n e th 's c o n te m p o ra rie s at school w ere E ric A shby (now L o rd A sh b y , F .R .S .), th e tw o L in ste a d b ro th e rs (S ir H u g h L in ste a d , S ecretary of th e P h a rm a c eu tica l Society 1926-64, and the late S ir P atrick L in ste a d , F .R .S ., q u o n d a m R e c to r of Im p e ria l C ollege), and R. W . W . S carff (later P ro fesso r of P ath o lo g y at T h e M id d lesex H o sp ital).
W o rld W ar I h ad no m ajo r effect on K e n n e th C allow except th a t general co n d itio n s w ere som ew hat difficult, and a few b o m b s w ere d ro p p e d n o t far from his school. K e n n e th was an active m em b e r of the O .T .C . (he was a co m p an y se rg e a n t-m a jo r) and the d e fe rm e n t of his call up until he could jo in an officer tra in in g u n it resu lte d in his n o t being co n scrip ted , as the w ar en d ed before he reached the age of 18. H e was aw arded an E x h ib itio n in science at C h rist C h u rc h , w hich h ad the advantage over a sch o larsh ip (w hich was im p o rta n t to him ) of c arry in g a h ig h er and m ore flexible e m o lu m en t. W ith a u n iv ersity scholarship from the C ity of L o n d o n School as well as a g ra n t fro m th e L o n d o n C o u n ty C o u ncil, he felt th a t he w as w ell p ro v id e d for.
H is e n try in to th e U n iv e rsity of O x fo rd was n o t a lto g e th e r easy, as a know ledge of L a tin a n d G re e k w as re q u ire d fo r th e e n tra n c e e x a m in atio n responses. K e n n e th C allow h ad done no L a tin for som e 4 or 5 years, an d did n o t even know th e G reek a lp h a b e t. In sp ite of fra n tic c ra m m in g he did n o t pass th e e n tra n c e ex am in atio n at O x fo rd , and th e C ollege w ro te to him tellin g h im n o t to com e up. H o w ev er, th e le tte r was delayed a n d he arriv ed at C h rist C h u rc h , p re se n tin g th e m w ith a p ro b le m . T h e C ollege allow ed h im to rem a in a n d he was m a tric u la te d in th e M ic h a e lm a s T e r m of 1919. T o C allo w 's in ten se d isa p p o in tm e n t he failed th e e n tra n c e ex am in atio n again, was sen t d o w n , and only finally succeed ed at th e th ird a tte m p t. C allow m e n tio n s in his b io g ra p h ica l n o tes th a t he was still g rateful to C h rist C h u rc h for th e ir c h a rita b le a ttitu d e . H e finally cam e in to residence in th e M ich aelm as T e r m o f 1920, o r possib ly th e p rev io u s H ilary T e rm , a n d began to read c h e m istry .
H is tu to r, A. S. R ussell, w ho h ad m ade p io n ee rin g c o n trib u tio n s on rad io activ ity , d isco u rag ed C allow fro m tak in g u p b io c h e m istry at th is p o in t in his career, tellin g h im th a t 'in b io c h e m istry you ju s t deal w ith th e d o c to rs ' m esses'. B ut C allow a tte n d e d lectu res by R. A. P e ters (F .R .S . 1935) in 1927. C allow d escrib es R ussell as a m an of g rea t c h a rm , w ho in sp ired affection in his p u p ils and colleagues, b u t he did n o t c o n sid e r him e ith e r a g reat scien tist or a g reat teach er. R ussell gave e n c o u ra g e m e n t and critical advice a b o u t th e choice of lectu res, and he m ad e his p u p ils feel th a t success d e p e n d ed essentially on th e ir ow n efforts. C allow was som ew hat critical of th e s ta n d a rd of teach in g an d le c tu rin g in O x fo rd at th a t tim e, b u t he g reatly enjoyed th e lectu res given by W . H . P erk in , J r, F .R .S . C allow d id sufficiently well in th e w ritte n ex am in atio n (p a rt I) of c h e m istry finals in 1922 to go on to p a rt I I, for w hich he chose N . V. Sidgw ick, F .R .S ., as his su p erv iso r. C allow took p a rt in a series of in v estig atio n s of th e so lu b ility of ben zen e d erivatives, and in p a rtic u la r the b e h a v io u r of th e isom ers of th e d i-s u b s titu te d co m p o u n d s. T h e w ork led to m u ch discu ssio n w ith Sidgw ick. C allo w 's ow n ideas did n o t survive, and S idgw ick p ro d u c e d his th eo ry of ch elatio n in orthosubstituted co m p o u n d s and, in ack n o w led g em en t of, as he p u t it, th e p a rt C allow played in th e w ork, his nam e was p u t on th e p a p e r th a t su m m e d up a series of ex p erim en tal p ap ers th a t h ad been p u b lish e d earlier. T h is w ork, b o th an e x p e rim e n tal and th eo retical p a p e r, ap p eared later in the form of tw o articles in the Journal of the Chemical Society and w ere C allo w 's first p rin te d scientific c o n trib u tio n s. K e n n e th C allow reco rd s th a t he a d m ired S idgw ick greatly, b u t he had no e n th u sia sm for follow ing h im in the physicochem ical w ork. H e says of S idgw ick th a t he h ad a p o w e rfu l m in d , b u t th a t he w as essen tially an a rm c h a ir scien tist: he w as m o st h e lp fu l in d isc u ssio n u n til som e e x p e ri m en ta l o r m a n ip u la tiv e p ro b le m w as raised, th e n he m ig h t b reak off the c o n v e rsa tio n a n d w alk aw ay as q u ick ly as p o ssible. A t th is p o in t C allow felt th a t he w a n te d to w id e n th e scope of his w ork in o rg an ic c h e m istry , and he m e n tio n s th a t he was alw ays h a p p ie st w h en w o rk in g w ith his h a n d s.
C allow d e c id e d to take th e e x te rn al h o n o u rs d eg ree of B .S c. a n d a tu to r w as p ro v id e d by C h ris t C h u rc h to deal w ith th e su b sid ia ry su b je c t of a p p lie d m a th e m a tic s. 'W ith a g rea t deal o f p a in a n d trib u la tio n ' C allow sc ra p e d th ro u g h , a n d th e n took th e final e x a m in atio n in th e p rin c ip al su b je c t, c h e m istry , in th e s u m m e r o f 1922 w ith first class h o n o u rs. In sp ite o f h av in g b een a w a rd ed a first at O x fo rd C allow fo u n d it im p o ssib le to get th e so rt of jo b he w a n te d , b u t he o b ta in e d a g ra n t fro m the D e p a rtm e n t of S cientific and In d u stria l R esearch to w ork u n d e r th e su p e rv isio n of E d w a rd H o p e at th e D y so n P e rrin s L a b o ra to ry . T h e w ork w as c o n c ern e d w ith th e iso m erism o f isatin -2 anils, an d led to a th esis e n title d 'T h e actio n of acyl c h lo rid es a n d a n h y d rid e s u p o n isatin d e riv a tiv e s', as a resu lt of w h ich he gained th e degree of B .S c.
T h e e m p lo y m e n t situ a tio n for c h e m ists in in d u stry was q u ite difficult in 1924, and C allow reco rd s th a t he w ro te tw o d ozen lette rs to various firm s. M o st of th ese lette rs w ere n o t an sw ered , b u t he o b ta in e d a po st w ith B ritish C elanese L td at a salary of £ 2 5 0 a year. H o w ev er, th e lab o ra to ry facilities w ere n o t to C a llo w 's liking and he d ecid ed to get back to a u n iv e rsity e n v iro n m e n t. H e ap p lied to his old tu to r, A. S. R ussell, w ho su g g ested th a t C allow sh o u ld apply for a sen io r research sc h o larsh ip at C h rist C h u rc h . T h is he d id w ith great eagerness, and he gained an aw ard. C allow left B ritish C elanese in 1927 w ith frie n d ly feelings on b o th sides and a valed ictio n fro m th e m anager: 'So you leave us to becom e a p ro fe sso r'. A fter C allow h ad se ttle d dow n in the D y so n P e rrin s L a b o ra to ry he sta rte d to w ork for a D . P hil, w ith J. M . G u lla n d (F .R .S . 1945), b e co m in g G u lla n d 's first research stu d e n t. G u lla n d was at th a t tim e w ork in g w ith R. D . H a w o rth (F .R .S . 1944), w ho h ad b een at O xfo rd b u t was th e n a p ro fesso r at Sheffield U n iv e rsity . T h e w ork co n sisted of a series of sy ntheses in the a p o rp h in e alkaloid series, and the w ork led to the p u b lic a tio n of th re e p a p e rs in th is field. W hile w orking w ith G u lla n d , C allow also did som e w ork on som e p h e n a n th re n e d erivatives, and m ade an a tte m p t to isolate taxine, th e toxic m aterial of the yew, Taxus baccata.
T h is was th e first n a tu ra l p ro d u c t for C allow to tackle and th e effort was really p re m a tu re in the absence of m eth o d s of sep aratio n and analysis th a t becam e available only som e years later.
T h e D .P h il. th esis was su b m itte d in 1929 and C allow 's exam iners w ere S ir R o b e rt R o b in so n , F .R .S ., and S. A. P. P lant. In his notes Callow d escrib ed how R o b in so n cam e in and suggested th a t P lan t begin the ex am ination. P lan t was a gentle and som ew hat shy perso n and begged to be excused in such term s th a t R o b in so n h ad no a lte rn a tiv e b u t b eg in . R o b in so n criticized the fact th a t th e a b stra c t c o n ta in ed no fo rm u la e , b u t C allow p o in te d ou t th a t his th esis h ad 107 fo rm u la e in th e text. R o b in so n th e n asked h im to say briefly w h at he h ad b een d oing, a n d he p assed the test. A t th is p o in t in his career C allow again looked fo r a p o st, a n d he h ad no m o re difficulty. H e was offered a jo b by I .C .I . at B illin g h am at £ 4 0 0 a year, b u t he p re fe rre d to accept an a p p o in tm e n t at th e N a tio n a l In s titu te for M edical R esearch, H a m p ste a d , at th e in v itatio n of R. B. B o u rd illo n to w ork on th e c h e m istry of v ita m in D at a salary of £ 3 5 0 a year. H e sta rte d w ork in O c to b e r 1929 and he stayed at th e N a tio n a l In s titu te u n til he reach ed re tire m e n t age in 1966.
W o r k a t t h e N a t i o n a l I n s t i t u t e f o r M e d i c a l R e s e a r c h :
C allow rem e m b e re d his in terv iew w ith S ir H e n ry D ale (th e n Sec., R .S .). W h e n th e la tte r was asked by C allow a b o u t holidays, his rep ly was: 'M y dear C allow , d o n 't ask m e to lay do w n reg u la tio n s. I f you are aw ay fro m w ork, we shall know you have b een w o rk in g h a rd and w a n t to take a re s t. ' T h e team at the N a tio n a l In s titu te w h ich C allow jo in e d co n sisted of several in te re stin g people. T h e re was first of all, D r O tto R o sen h eim , F .R .S ., w ho h ad re tire d fro m his lec tu re sh ip at K in g 's C ollege in th e S tra n d and h ad b een in v ited by S ir H e n ry D ale to com e to the In s titu te at H a m p ste a d as a v o lu n ta ry w o rk er, so th a t he co u ld develop his ideas a b o u t th e origins of v ita m in D . T h e e lu c id atio n of th e s tru c tu re of the v itam in was a m o st topical p ro b le m , and th e ideas of R o sen h eim w ere backed stro n g ly by D ale, w ho was rem a rk a b ly good at s p o ttin g a p ro b le m th a t looked ripe for attack. H e was also able to re c ru it su itab le people to carry o u t th is research and gave th e m full and effective en c o u ra g e m e n t. R o senheim in tro d u c e d C allow into sterol c h e m istry and p ro v id e d k indly guidance. H ow ever, O tto R o sen h eim was essentially a 'lo n e r' and n o t really very good w orking in a team . T h e leader of th e g ro u p was R. B. B o u rdillon, a physical ch em ist and fo rm erly a Fellow in c h e m istry at U n iv e rsity C ollege, O xford. As a resu lt of a d ream , he was p e rsu a d e d th a t he was called u p o n to do m edical research an d th ere fo re resig n ed his college post and qualified in m ed icin e. H e cam e to th e M edical R esearch C ouncil w ith th e in te n tio n of in v estig atin g th e tre a tm e n t of b u rn s by u ltrav io let rad iatio n . H ow ever, he was p e rsu a d e d by D ale to devote his energies to th e in v estig atio n of v itam in D , w hich also had an im p o rta n t rad iatio n aspect. C allow reco rd s in his no tes th a t B o u rd illo n 's h e a lth was p recario u s d u rin g th e later stages of th e v itam in D w ork. H is absence th ro u g h illness led to the om ission of his nam e from the le tte r to N ature, and su b seq u e n tly , because of a d isag reem en t w ith C allow on th e form of p rese n tatio n of the second p a p e r to Proceedings of the R oyal Society, he w ish e d to have his n a m e left o u t again, b u t w as o v e rru le d by th e u n a n im o u s p ro te s ts o f his team . O th e r m e m b e rs of th e g ro u p w o rk in g on v ita m in D w ere T . C. A n g u s (p h y sic ist), F. A. A skew (ch em ist), H ild a M . B ru ce (b io lo g ist), K a te F is c h m a n n (b io lo g ist), J. S t L . P h ilp o t (physical c h e m ist) a n d T . A. W e b ste r (biologist).
The isolation of pure vitam in D
By 1919 T h is in d ic a te d th a t irra d ia tio n w ith u ltra v io le t lig h t led to a com plex series of chem ical changes, and th e v ita m in was only an in te rm e d ia te in th is series of reactions. T h u s w ith in th e space of a few m o n th s th re e sep arate active cry stallin e p ro d u c ts w ere sep arated by th re e g ro u p s of w o rk ers in E n g la n d , G e rm a n y and H o llan d . T h e p u rificatio n w as also m ade difficult by th e fact th a t th e active m aterial was u n sta b le to h e a tin g above 1 5 0°C . T h e H a m p ste a d w orkers, in p a rtic u la r B o u rd illo n and A skew , w ork ed o u t a new m e th o d of h ig h -v a c u u m d istillatio n th a t p ro d u c e d a ce rtain a m o u n t of p u rificatio n , and in th is w ay b etw een 3 and 4 g ram s of p u re cry stallin e m aterial w ere ob tain ed ; at th a t tim e the H a m p ste a d w o rk ers w ere co nvinced th a t th ey had th e p u re v itam in in th e ir h an d s. T h is m aterial, on th e suggestio n of S ir H e n ry D ale, was n am ed 'c alcifero l'. H ow ever, differences in physical c o n sta n ts and b i ological activity in differen t fractions soon co nvinced the H a m p ste a d w orkers th a t c ry sta llin ity is no ab so lu te p ro o f of p u rity . A t th a t tim e th e E nglish w o rk ers w ere in fo rm ed of th e w ork of R eerink and W ijk, w ho h ad o b tain e d sim ilar resu lts. M eanw hile, W in d a u s a n n o u n c ed th e iso lation of a cry stallin e p ro d u c t of a b o u t the sam e activity b u t w ith a d ifferent optical ro ta tio n . In Ju n e 1931 P ro fesso r W in d a u s visited H a m p ste a d and discu ssio n took place on th e w ork in p rogress at H a m p ste a d and G o ttin g e n . T h e p re p a ra tio n of a cry stallin e an tirach itic su b stan ce by distillatio n h ad been d escrib ed by A skew et al. in 1930, and the p re p a ra tio n o f th is c ry sta llin e m ate ria l in q u a n tity a n d its c h a ra c te r ization w ere th e re fo re rec o rd e d in a p a p e r in 1931, p u b lis h e d 10 days b efo re P ro fe sso r W in d a u s 's visit. W in d a u s h ad o b ta in e d a c ry stallin e a n tira c h itic m aterial th a t he n a m e d v ita m in D j a n d w h ich , as will be m e n tio n e d later, w as a m ix tu re of th e p u re v ita m in a n d a n o th e r rea c tio n p ro d u c t o f th e irra d ia tio n . O n th e eve of a R oyal S ociety m ee tin g A fter a h o lid ay p e rio d , fu rth e r cry sta lliz a tio n of th e d in itro b e n z o a te was p e rfo rm e d , a n d it was show n th a t it was a m ix tu re of tw o d istin g u ish a b le c ry stallin e fo rm s. T h e use o f th e d in itro benzoyl ch lo rid e for th e p u rific a tio n was e n tirely d u e to C allow , w ho also sep arated by h a n d -p ic k in g th e tw o d ifferen t crystals.
T h e p u re v ita m in D 2 d in itro b e n z o a te h ad a m e ltin g p o in t of 147-149 °C. O n h y d ro ly sin g th e now se p ara te d esters tw o alcohols w ere o b tain e d , one re p re se n tin g th e pyrolysis p ro d u c t called 'p y ro ca lcifero l', and the o th e r th e p u re v itam in , w h ich h ad a b o u t d o u b le th e biological activity of the e arlier cry stallin e d istillatio n p ro d u c t. C a llo w 's c o n trib u tio n th ere fo re re p re se n te d th e vital step in th e final p u rificatio n of th is vitam in . A fter som e co n fu sio n and u n c e rta in ty , th e resu lts o f th e H a m p ste a d g ro u p w ere co n firm ed by W in d a u s. T h e seq u en ce o f ev en ts c o n n ected w ith th e isolation of c ry stallin e v itam in D 2, or 'ca lc ife ro l', is d e scrib ed in detail in a s ta te m e n t signed by six m e m b e rs of th e H a m p ste a d team : B o u rd illo n , C allow , B ruce, A skew , W e b ste r and P h ilp o t, in D e c e m b e r 1932 and d ep o sited in th e lib ra ry at th e N .I .M .R . It ap p ears from th is d o c u m e n t th a t co m p e titio n b etw een th e tw o g ro u p s in L o n d o n and G o ttin g e n was in ten se, th a t in fo rm a tio n was freely exchanged, and th a t b o th g ro u p s beh av ed th ro u g h o u t in a m o st g e n tle m anly m an n e r. C allo w 's decisive c o n trib u tio n was fully recognized by every m e m b e r of th e team . A n in fo rm a tiv e a cco u n t of th e w ork of the H a m p ste a d g ro u p was given in a lectu re deliv ered by C allow to a m ee tin g of T h e B ritish A ssociation in th e a u tu m n of 1931, w hich was p u b lish e d in 1932.
T h e c o rrect s tru c tu re of v ita m in D 2 was n o t esta b lish e d at th a t tim e, because th e old W in d a u s fo rm u la for sterols was still w idely accepted. H ow ever, at th is p erio d , w hen th e w ork on v ita m in D w as b ein g done at H a m p ste a d , R o sen h eim and K in g h ad b een q u e stio n in g the v alidity of th e s tru c tu re th e n accepted for cholesterol and o th e r stero id s, and at th a t 1 7 -8 4 (1980)). C allow play ed a m in o r p a rt in th is w ork, b u t he s u p p lie d th e c ry sta llin e m aterial available for X -ra y e x a m in atio n . H e re c o rd s in his b io g ra p h ica l n o tes th a t J. B. S. H a ld a n e , F .R .S ., J. D . B ernal a n d D o ro th y C ro w fo o t (H o d g k in ) cam e to see R o se n h e im a n d C allow . H a ld a n e sat on a tab le sw in g in g his legs and said: 'W h e n I die, th ey m ay n o t say th a t I d id m u ch original scientific w ork, b u t I h o p e th ey can say th a t I w as a good c a ta ly st'. A c c o rd in g to C a llo w 's reco llectio n , it was H a ld a n e 's in itiativ e th a t b ro u g h t th e team to g e th e r. C allow d id n o t p a rtic ip a te to any g rea t e x te n t in th e d iscu ssio n s th a t led to th e s tru c tu re s p ro Soc., p. 4945 (1963) ).
It sh o u ld be n o ted h ere th a t th e policy o f th e M ed ical R esearch C ouncil at th a t tim e was n o t to p a te n t any discoveries, on the basis o f th e b elief th a t th e resu lts o f m edical research sh o u ld be open to ev ery b o d y . T h e re w as th e re fo re no a tte m p t by th e C ou n cil to p rofit financially fro m the p u rific a tio n o f one of th e v ita m in s of th e D g ro u p . T h is policy of the M .R .C . was of course c h an g ed later, w hen the N a tio n a l R esearch D e v e lo p m e n t C o rp o ra tio n was estab lish ed . W h e n C allow jo in e d R o sen h eim he did som e w ork on c o lo u r reactions of various stero id s, on th e reactio n of stero id s to selenium dioxide, and on th e p u rificatio n of erg o stero l. H e fo u n d th a t even cry stallin e p re p a ra tio n s of th is stero id c o n ta in ed significant am o u n ts of a d ih y d ro derivative, w hich could be rem oved by a p re p a ra tio n of benzoate.
W h en th e w ork on th e p u rificatio n of vitam in D had been co m p leted , C allow decided to co n c en tra te on m o re biological aspects, and p a rtic u larly on the action of v ita m in D on calcium m etab o lism . S ir E d w ard M ellan b y , F .R .S ., to g e th e r w ith L ady M ellan b y (M ay M ellanby) had show n th a t certain cereals a p p e ar to have an anticalcifying action in co m p ariso n w ith w h ite flour or rice. T h e y assum ed th a t such cereals co n tain an anticalcifying factor of u n k n o w n n a tu re . C allow , to g e th e r w ith M iss B ruce, exam ined this fu rth e r and show ed th a t the severity of rach itic lesions d e p e n d ed no t only on the e x ten t of th e red u c tio n of vitam in D in th e d iet, b u t also on b o th the c o n c en tra tio n s of calcium and p h o sp h o ru s. In d e e d , th ey show ed th a t no su ch fac to r ex isted , a n d the resu lts o b ta in e d by th e M e lla n b y s c o u ld be ex p lain ed to a large e x te n t th a t th e p h o s p h o ru s in th e cereal w as n o t in an available fo rm , a n d th a t th e calcium available in th e d iet c o u ld n o t be a b so rb e d ow ing to its b e in g co m p lex ed to p h y ta te in th e gut. C allow in his b io g ra p h ica l n o tes rem a rk s th a t these resu lts w ere p u t in to a d ra ft p a p e r w h ich ra th e r 'a c id ly ' criticized M ellan b y . H o w ev er, th e a p p o in tm e n t of M e lla n b y as S e c re tary of th e M edical R esearch C ouncil som ehow p ro d u c e d a ch an g e in style of p re se n ta tio n o f th e p a p e r, and in th e final versio n th e c ritic ism a p p e are d in a m o re tac tfu l form .
D u rin g th is p e rio d C allow also c a rrie d o u t, to g e th e r w ith F . G . Y o u n g (S ir F ra n k Y ou n g , F .R .S ., w ho was at th a t tim e at U n iv e rsity C ollege L o n d o n ), an in v estig a tio n on optical ro ta ry p o w e r a n d c o n s titu tio n of stero id s. T h e optical ro ta tio n was m ea su red at only one w av elen g th , an d th is som ew hat lim ited th e scope o f th is w ork. H o w ev er, th is w as p ro b a b ly th e first sy stem atic in v estig atio n in to th e relatio n b e tw e en s tru c tu re an d optical ro ta tio n in th e ste ro id field.
C allo w 's w ork d u rin g th e perio d im m ed iately p re c e d in g W o rld W a r II and after th e w ar co n sisted largely of co llab o rativ e efforts w ith o th e r g ro u p s at th e N atio n al In s titu te . I t was th e policy of th e In s titu te to en courage c o o p e ra tio n b etw een scien tists w o rk in g in d ifferen t discip lin es and d ifferen t divisions of th e In s titu te in jo in t researches. C allow saw to it th a t th e chem ical fo u n d atio n s w ere so u n d , and he c o n trib u te d g reatly to th e success of the research by u sin g his know ledge of org an ic c h e m istry in th e p a rtic u la r p ro b le m in h an d . T h u s C allow w o rk ed closely over a n u m b e r of years w ith A. S. P arkes (now S ir A lan P arkes, F .R .S .) and also w ith C. W . E m m e n s (later P ro fe sso r of V e te rin ary P hysiology in th e U n iv e rsity of S ydney); and after th e w ar, w ith D 'A rcy H a rt, T . S. W o rk , and p a rticu la rly J. W . C o rn fo rth (now S ir Jo h n C o rn fo rth , F .R .S .).
In 1927 A scheim & Z ondek had d e m o n stra te d o estro g en ic activ ity in th e u rin e of p re g n a n t w om en, and th is w as o f course th e basis of th e p reg n an cy tests in tro d u c e d soon afte r th e initial discovery. T h is led to an in creasin g in te re st in m ea su rin g h o rm o n e activities, p a rtic u la rly m ale and fem ale sex h o rm o n e s in th e u rin e o f a variety of h u m a n su b jects. C a llo w 's research activities in th e 1930s, a fter th e w ork on th e p u rific a tio n of vitam in D , w ere largely c o n cern ed w ith th e elab o ratio n and im p ro v e m e n t of c o lo rim etric m eth o d s, of th e fra c tio n a tio n , isolation an d iden tificatio n of stero id s in the u rin e , and in c o m p a rin g the resu lts of chem ical m eth o d s w ith those o b tain e d by biological tec h n iq u es. Special a tte n tio n was paid to the e stim atio n and isolation of 17 -k eto stero id s. In th is w ork he collab o rated w ith N ancy H . N ew m an , w ho later becam e his wife. S im ilar w ork was of course done in o th e r cen tres. It was fo u n d th a t the a m o u n t of active h o rm o n e a p p e arin g in the u rin e can in m any cases be an in d icatio n of the am o u n t p ro d u c e d by a p a rtic u la r organ. H ow ever, th e h o rm o n e m ay be m odified by m etabolic processes, and a secondary p ro d u c t m ay or m ay n o t have biological activ ity . I f it is active, its specific activ ity is likely to be d iffe re n t fro m th a t o f th e o rig in al h o rm o n e .
In th e m id -1 9 3 0 s c h ro m a to g ra p h y h ad n o t b een h ig h ly d ev elo p ed an d th e only m e th o d s available for th e assay o f ste ro id h o rm o n e s and o th e r ste ro id s w ere c o lo rim e tric p ro c e d u re s of lim ite d specificity, an d bioassay, so m e tim e s afte r iso latio n o f th e h o rm o n e itse lf or its c o n v ersio n p ro d u c t in w eig h ab le q u a n titie s fro m th e u rin e . In jo in t w ork w ith M rs C allow and C. W . E m m e n s, K e n n e th C allow also show ed th a t an d ro g e n ic su b sta n c e s, or su b sta n c e s m etab o lically rela te d to th e m , w ere e x creted in th e u rin e in a p p ro x im a te ly sim ila r a m o u n ts in m en , w o m en and in e u n u c h s. T h e s e fin d in g s, w h ich w ere su rp risin g at th e tim e at w h ic h th ey w ere m ad e, can now read ily be u n d e rs to o d in th e lig h t o f th e know ledge later o b ta in e d on th e b iogenesis and catab o lism of m ale and fem ale h o rm o n e s. T h e c o n c lu sio n d ra w n by C allow th a t 'a n d ro g e n ic su b sta n c e s are p ro d u c e d by th e ad ren al co rtex as well as by th e g o n a d s' was s u p p o rte d by th e findings m ad e jo in tly w ith A. C. C rooke th a t, in th e cases of C u s h in g 's sy n d ro m e caused by a m a lig n a n t tu m o u r of th e ad re n a ls, th e c o n c e n tra tio n o f a n d ro g e n ic su b sta n c e s in th e u rin e was fo u n d to be ab n o rm a lly h igh.
T h e co o p e ra tio n w ith A. C. C rooke, w ho was w ork in g at th e L o n d o n H o sp ita l, led to som e u n e x p e cte d difficulties. C allow re p o rts th a t w h e n a d ra ft p a p e r fea tu rin g th e tw o a u th o rs in th e accep ted alp h ab etical o rd e r w as show n to D ale, p u b lic a tio n m et w ith v ig orous o p p o sitio n . D ale was re p o rte d to have said: 'T h a n k G o d , we n ev er see a p a tie n t'. H ow ever, p e rm issio n was finally g ra n te d w h en th e o rd e r of a u th o rs w as reversed. C allow g reatly enjoyed co n ta c t w ith p a tie n ts and at one tim e th ere was a po ssib ility of C allo w 's m o v in g to th e L o n d o n H o sp ita l. B ut at th a t tim e w ar was d eclared , and fu rth e r research in th e clinical field had to stop.
T h e w a r y e a r s B efore th e w ar began and som e tim e afterw ard s, a m ajo r activity at the N atio n al In s titu te was c o n c ern e d w ith air raid p rec a u tio n s, in w hich G . L . B row n (later Sir L in d o r B row n, F .R .S .) and K e n n e th Callow played a m ajo r p a rt. C allow was anxious to get perso n ally involved in the w ar, and becam e A .R .P . officer at the In stitu te , and also tra in e d as a gas d e te c tio n officer. H e also took p a rt in th e n ig h tly fire-w atching. C allow describ es in his b io g rap h ical notes how , in the course of such activities, m em b e rs of th e In stitu te got to know each o th er m u ch b e tte r th a n in p eace-tim e. E ven S ir H e n ry D ale, an aw esom e figure to his staff, becam e ap p ro ach ab le w hen he m et his colleagues in the air raid shelter. T h e re ap p eared a p o ssib ility of useful w ork w hen a w orking p a rty u n d e r Sir C harles H a rin g to n , F .R .S ., co n sid ered w ork on the chem ical synthesis of adrenal cortical ho rm o n es. It was believed at th a t tim e th a t L uftw affe p ilots w ere b ein g tre a te d w ith su ch su b sta n c e s, p re s u m a b ly c o rtic o s te r oids. B ut p ro p o sals m ad e did n o t get any fu rth e r, a n d C allow becam e m o re anxious th a n ever to get in v olved in th e w ar. T h e M .R .C . h ad w arn ed th e ir staff th a t th ey sh o u ld n o t take on any o b lig a tio n s n o t a u th o riz e d by th e C o u n cil w h ich m ig h t in te rfe re w ith th e ir w ork: m o reo v er, c e rtain o c c u p atio n s, in c lu d in g th a t o f C allow , w ere 're s e rv e d '. B ut C allow finally v o lu n te e re d for th e R oyal A ir F o rc e a n d he was accepted for tra in in g as an a rm a m e n ts officer. S ir H e n ry D ale, on b e in g to ld of C a llo w 's decision, said th a t he 'was a b lo o d y fo o l', b u t so ften ed th is c o m m e n t w ith a frie n d ly sm ile, as rec o rd e d in C a llo w 's n otes.
C allo w 's first p o stin g was th a t o f a rm a m e n ts officer to a P o lish tra in in g sta tio n , b u t he was th e n tra n s fe rre d to In d ia , serv in g on th e N o rth w e s t F ro n tie r at R issalp u r, K o h a t, M ira n sh a h , P esh aw ar, R a w alp in d i, an d w ith a trip to S rin ag ar. C allow p assed th e 'low er g ra d e ' language ex am in atio n in U rd u , an d , to his su rp rise a n d a m u se m e n t, w as m e n tio n e d in d isp a tc h es for activ ity in th e relief of D a tta K h el. H e w as involved in th e d efu sin g of a n u m b e r o f u n e x p lo d e d b o m b s th a t the political officers and th e A rm y h ad collected a n d h ad n o t th e cap acity to deal w ith th em selves. H is only e q u ip m e n t was a car b a tte ry , d e to n a to rs, g u n -c o tto n and a len g th of tele p h o n e w ire; b u t he a p p ro a c h e d tw o 500 p o u n d b o m b s, d efu sed th em , and took th e m back to H .Q . T h is a c co u n t of C allo w 's activity in In d ia is alm ost e n tirely based on C a llo w 's ow n notes, as no detailed c ita tio n can now be fo u n d , b u t S ir G o rd o n C ox, F .R .S ., has given som e ad d itio n a l in fo rm a tio n a b o u t th is p e rio d , w h ich m ay be q u o te d in full:
'T h e sto ry goes th a t th e b e leag u ered g a rriso n of D a tta K h el, asked w h e th e r th e su p p lies b ein g d ro p p e d to th em w ere a d e q u ate , rep lied yes, b u t th ey w o u ld d early like to have som e n ew -laid eggs. I t was very unlikely th a t such fragile objects w o u ld survive deliv ery by th e n o rm a l p a ra c h u te c o n ta in er, and it fell to C allow to devise an altern ativ e. T h is he did, w ith co m p lete success. L ay in g hens w ere d ro p p e d in p a p e r bags of a p p ro p ria te stre n g th fro m a su itab le h eig h t, so th a t th ey claw ed th em selv es o u t of th e bags a few y ard s above g ro u n d and w ere able to finish the d escen t u n d e r th e ir ow n w ing p o w e r.'
T h e cessation of th e cam paign against the F ro n tie r trib e sm e n , and the absence of any fu rth e r enem y activity in th is area, m ade th e heavy rein fo rc e m e n t of the A ir F o rce u n n ecessary , and left C allow w ith very little to do. In a d d itio n , C allow h ad ac q u ired m alaria an d , after tw o relapses and som e suspicious p u lm o n a ry sy m p to m s, it was d ecid ed th a t he was no lon g er fit for service in In d ia and C allow cam e back to E n g lan d .
A fter convalescence, he was re c ru ite d by A. G . O g sto n (F .R . S . 1955) for th e In te r-S e rv ic e s R esearch B ureau, a b ackroom jo b su rro u n d e d w ith co n sid erab le secrecy. S ir G o rd o n C ox has given th e follow ing acco u n t of C a llo w 's activ ity th ere :
'In te r-S e rv ic e s R e se a rc h B u re a u w as a cover n a m e fo r Special O p e ra tio n s E x ecu tiv e, th e o rg an iz atio n resp o n sib le fo r sabotage in e n e m y -o c c u p ie d te rrito ry . Its rese a rc h a n d d e v e lo p m e n t sta tio n had to be p re p a re d to su p p ly e q u ip m e n t a n d advice fo r every im ag in ab le p u rp o se , a n d fo r th is it n e e d ed reso u rc efu l and im ag in ativ e scien tists a n d e n g in e e rs. F o rtu n a te ly S .O .E . h ad som e p u ll, an d w as able to get e ith e r via th e C e n tra l S cientific R e g iste r or, as in C a llo w 's case, fro m th e S ervices, p eo p le of th e c alib re re q u ire d . T h e d ire c to r o f research (en g in e erin g as well as science) w as D . M . N e w itt, w ho h ad A. G . O g sto n as one o f his h e a d q u a rte rs assistan ts; o th e r fu tu re F ellow s of th e R oyal S ociety in th e sta tio n w ere C. H . B a m fo rd , D . W . J. C ru ik sh a n k , D . H . E v e re tt, an d m yself. A lso in th is sm all sta tio n w ere: A. H . W ilso n , w ho p ro v id e d scientific b a c k -u p for c o m m u n i cations d e v e lo p m en ts, an d F. A. F re e th , w ho w as n o m in a lly a s u p e rn u m e ra ry ad v iser to th e h ead of th e scientific section, b u t was in p ractice a s tim u la tin g influence th ro u g h o u t th e w hole statio n . P a rttim e advisers in clu d e d L . F. B ates and R. G . W . N o rris h . It is n o t yet p ossible to w rite in detail a b o u t th e w ork of th e sta tio n , m u ch of it h ig h ly secret. C allow w o rk ed m ain ly w ith P aul H aas, w ho led a sm all d e p a rtm e n t d ealing w ith a w ide v ariety o f ap p licatio n s of p la n t and m edical c h e m istry , su b jects o f w h ich he had en cyclopaedic k n o w ledge. T h e y o u n g e r people stood so m ew h at in awe of H aas, p a rtly because of his age (he w as b o rn in 1877) and ex p erien ce, b u t m ainly because of his very h ig h scientific and ethical sta n d a rd s. C allow m ea su red up to H a a s 's re q u ire m e n ts, and the tw o w orked very well to g eth e r. A m o n g o th e r tra its sh ared , th ey w ere b o th very brave. O n one occasion C allow was asked to exam ine a sm all object fo u n d by th e A rm y in circ u m stan c e s th a t su g g ested a b o o b y -tra p . E x am in atio n show ed th a t it c o n ta in ed a liq u id , w h ich he e x tra cte d and su b jected to every chem ical test he knew , w ith o u t finding a n y th in g noxious in it. A colleague recalls: " H e cam e to m e and su ggested we gave it an 'o rg a n o le p tic ' test. A lth o u g h I did no t know w h at he m ean t, I said yes; he at once p ro d u c e d tw o sm all glasses. I realized th a t I was exp ected to d rin k the stuff, b u t as he was o bviously going to do the sam e I h ad to go th ro u g h w ith it. It was excellent g in !"
'In ad d itio n to his collab o ratio n w ith H aas, C allow w orked in d ep e n d e n tly , draw in g on his In d ia n experience, on the p ro b lem s of the storage and use u n d e r tro p ical and su b -tro p ic a l co n d itio n s, of th e e q u ip m e n t of an S .O .E . agent-em ergency ratio n s, m edical kit, explosive and o th e r d ev ices.' C allow was finally released from the Services in O c to b e r 1945 w ith the rank of S q u a d ro n L ead er.
Biographical M emoirs
R e t u r n t o s c i e n c e a f t e r t h e w a r K e n n e th C allow d id n o t c o n sid e r his w ar service a w aste o f tim e, an d he was q u ite h a p p y to look back on it. H e felt th a t he h ad so m e th in g w o rth striv in g fo r and, in sp ite o f th e fact th a t he did n o t do any fig h tin g p erso n ally , he th o u g h t th a t his b e in g a m e m b e r of th e F o rc es e n a b le d o th ers to do th e actual fighting. G o in g back to civilian life w as n o t a lto g e th e r easy. H e was n o t su re w h e th e r he w a n te d to re tu rn to th e h a rd slog and th e anxieties th a t he re m e m b e re d acco m p an ied scientific research. H e had b een kep t on th e e sta b lish e d staff of th e M ed ical R esearch C o u n cil, a n d the difference b e tw e en his salary an d his service pay h ad b een p aid to h im , a n d for th is he was g ratefu l. H o w ev er, th in g s at the N a tio n a l In s titu te for M ed ical R esearch had ch an g ed . D r H a ro ld K in g , F .R .S ., H ead o f th e B io ch em istry D e p a rtm e n t, was due for re tire m e n t, and D r Jam es W alker, w ho was once ju n io r to C allow , w as in line of succession to H a ro ld K in g . M o re o v e r, th e new D ire c to r, C. R. H a rin g to n , F .R .S . (later S ir C h arles H a rin g to n ) h ad succeed ed S ir H e n ry D ale, an d C allow fo u n d h im , as he p u t it, 'a n tip a th e tic '. C allow m ade an effort to find som e o th e r p o st, b u t finally d ecid ed to re tu rn to th e In stitu te . T h e rela tio n sh ip w ith W alk er n ev er b ecam e very co rdial, b u t after a tim e he reached a basis of frie n d sh ip w ith S ir C h arles, even if co m p lete u n d e rs ta n d in g m ay have b een ab sen t.
C allow at th is p o in t was u n c e rta in a b o u t his research plans. H a rin g to n suggested th a t he m ig h t co llab o rate w ith P. M . D 'A rcy H a rt and R. E. G lo v er, w ho h ad fo u n d a n tib io tic activity against m y co b a c te ria in Bacillus licheniformis. C allow fo u n d th is w ork ra th e r in te re stin g and p u b lish e d som e jo in t p a p e rs w ith th e scien tists m en tio n e d . In th is series of p ap ers was used, p ro b a b ly for th e first tim e in the U .K ., th e m e th o d of c o u n te r-c u rre n t sep aratio n to th e m ix tu re of p o ly p e p tid e s fro m the b a c te riu m . U ltim ate ly , T . S. W ork, a n o th e r m e m b e r of th e b io ch e m istry division at th e N .I .M .R ., c arried th is w ork fu rth e r. A n tib io tic su b stan ces isolated from th is bacillus n ev er fo u n d any p ractical ap p licatio n , ow ing p a rtly to the toxicity of th e m aterial and p a rtly to th e fact th a t su b stan ces m ore effective against acid -fast b acteria w ere d iscovered a b o u t the sam e tim e.
S y n t h e s i s o f c o r t i s o n e
In 1949 H en ch , K en d all, S lo cu m b & Polley m ade the sta rtlin g a n n o u n c m e n t th a t 1 7 -h y d ro x y -l 1-d e h y d ro -c o rtic o ste ro n e (cortisone, 1) had a m ark ed th e ra p e u tic effect on rh e u m a to id a rth ritis. A t th a t tim e, th is stero id was co n sid ered to have a cu rativ e effect, b u t it was later fo u n d th a t the action m odified th e disease, i.e. had a palliative effect, and was also accom panied by u n d e sira b le effects if the stero id was given for long p erio d s or in large doses. T h e M edical R esearch C o uncil felt th a t C H ,O H I C O p ro d u c in g th e c o m p o u n d in q u a n tity w as of g rea t n atio n al im p o rta n c e an d , as th is ste ro id w as n o t available in N a tu re in large q u a n titie s, a search for its sy n th e sis fro m n a tu ra lly o c c u rrin g su b sta n c e s was u n d e rta k e n . D u rin g W o rld W a r II a c o m p lic a ted p a rtial sy n th esis in 32 stages from deoxycholic acid h ad b een w o rk ed o u t by S a re tt in th e lab o ra to rie s of M erck & C o m p a n y in th e U .S .A ., b u t th is did n o t seem to be a co m m ercially a ttra c tiv e process. O th e r sources for the sy n th esis of c o rtiso n e w ere th e re fo re u rg e n tly looked for. A c o m m ittee of re p re s e n tatives of m a n u fa c tu re rs w ho m ig h t be in te re ste d and of M .R .C . research staff w as th u s b ro u g h t to g e th e r, and J. W . C o rn fo rth and C allow w ere selected as h av in g th e re q u isite b a c k g ro u n d s for th is w ork. A search of th e lite ra tu re in d ic a te d several p ossible sources: one was sa rm e n to g e n in (2 ), w h ich had one fea tu re of th e s tru c tu re of c o rtiso n e th a t was difficult to p ro d u c e sy n th etically : th e oxygen atom at p o sitio n 11.
T h e o th e r possible source was hecogenin, w hich c o n tain ed an oxygen ato m at p o sitio n 12. E fforts w ere co n c en tra te d first on sa rm en to g en in , w hich h ad first been o b tain e d in 1915 in the e x tra ctio n of h e a rt poisons from seeds sold co m m ercially as Strophanthus ; how ever, it was later fo u n d th a t the m aterial was d eriv ed fro m a d ifferent species. T h e sam e su b stan ce was fo u n d again in 1929 in seeds of u n k n o w n origin w ith the p h a rm a co g n o stic evidence o f a m ix tu re of S . barteri and S.preussii. In 1936, som e sarm e n to g e n in tu rn e d up again in seeds know n to com e from N ig eria and sold as S . hispidus. In this som ew hat confusing situ atio n C allow was asked to go o u t to N igeria, to g e th e r w ith R. D . M eikle from the b otanical staff of the Royal B otanic G a rd e n s, K ew , and a lab o rato ry assistant from th e N atio n al In stitu te , to exam ine this m a tte r in the field. T h e team w ent to Ib ad a n as guests of the U n iv e rsity and its P rin cip al, D r K e n n e th M ellanby. A sm all lab o rato ry was fitted ou t and h e a d q u arte rs w ere set up for th e e x p lo ra tio n and p re lim in a ry chem ical e x a m in atio n of p lan t sp ecim en s th a t m ig h t c o n ta in ste ro id s of p o te n tia l value. T h e w ork was s tre n u o u s, clim atic c o n d itio n s w ere difficult, and w h e n C allow cam e back to E n g la n d he was fo u n d to have lost 7 kg of b o d y w eight.
T h e e x p e d itio n was a scientific success, as som e s a rm e n to g e n inb e a rin g stra in s of S . sarmentosus w ere fo u n d in sav an n ah areas, and th is con firm ed sim u lta n e o u s research by P ro fe sso r T . R e ic h ste in (F o r. M e m . R .S . 1952), w ho fo u n d a sim ilar stra in of S . sarmentosus in F re n c h Senegal. H o w ev er, th e c u ltiv a tio n and m a n u fa c tu re o f c o rtiso n e fro m seeds of S', sarmentosus was fo u n d n o t to be a practical p ro p o sitio n . T h e p la n t is n e ith e r c o m m o n e n o u g h n o r sufficiently easily c u ltiv a te d to be a useful m aterial for c o rtiso n e m a n u fa c tu re .
T h e second p ossible ro u te for th e sy n th esis of c o rtiso n e w as heco g en in (3), w h ich h ad b een d isco v ered by an A m e ric an c h e m ist, R ussell E. M a rk e r, w ho had c a rrie d o u t an extensive search for ste ro id s in p la n ts o c c u rrin g in th e so u th e rn U n ite d S tates an d in M exico. M a rk e r fo u n d heco g en in in a large n u m b e r of species, 16 o f w h ich b elo n g to th e genus Agave, b u t he a p p e are d n o t to have e x am in ed Agave sisalana, a p la n t w h ich was n ative to M exico b u t w as taken to e a ste rn A frica by H in d o rf in G e rm a n colonial tim es, and it is now g ro w n th ere on a scale w hich p ro d u ce s a large q u a n tity of sisal fibre each year. E x a m in a tio n o f th e sisal p la n t ex tracts w as b e g u n w ith C allow b efo re he left for N ig e ria , b u t th is work w as h a n d e d over to a large e x te n t to J. W . C o rn fo rth . C a llo w 's c o n trib u tio n to th is aspect o f th e w ork w as, how ever, q u ite su b sta n tia l. T h is line of w ork, w h ich sta rte d fro m a ste ro id w ith th e oxygen ato m at p o sitio n 12, w as less d ire c t, b u t th e availability o f th e m ate ria l and the successful e x tra ctio n and p u rific a tio n of th e h eco g en in fro m th e sisal p lan t m ade it a m o st su itab le co m m ercial source for th e p ro d u c tio n of co rtiso n e. G laxo L a b o rato rie s had b een w ork in g for som e tim e on a process for ex tractin g ergosterol from yeast th a t had b een gro w n on a m a n u fa c tu rin g scale in the W est In d ies, and th ey believed th a t a p len tifu l su p p ly of ergosterol w ould be a su itab le m aterial for c o rtiso n e m a n u fa c tu re . H ow ever, th e ergosterol process ap p e are d to be a failure in com m ercial term s, and G laxo L a b o rato rie s, especially th e ir sen io r ch em ist, B. A. H em s (F .R .S . 1969), c o o p erated w ith th e N atio n al In s titu te staff, in clu d in g C o rn fo rth and Callow , in devising a p ro d u c tio n process for cortisone from hecogenin. C o rn fo rth was th e o rig in a to r of a chain of rea c tio n s u sed in th is p ro cess, an d th e G laxo team h ad th e task of d e v e lo p in g a p rac tic a l m a n u fa c tu rin g p ro cess. It sh o u ld also be m e n tio n e d h e re th a t P. C. S p en sley , w ho w as a m e m b e r o f C a llo w 's research g ro u p , h ad gone o u t to K e n y a in c o o p e ra tio n w ith th e firm o f M itc h e ll C o tts, to set u p a tria l p la n t for th e e x tra c tio n o f h eco g en in fro m sisal leaves. T h e resu lts of th e w o rk d o n e by th e N a tio n a l In s titu te staff w ere p a te n te d by th e N a tio n a l R e search D e v e lo p m e n t C o rp o ra tio n , w ho d isp o se d of th e rig h ts o f th e sc ie n tists to G laxo L a b o ra to rie s, a n d p aid royalties to th e M .R .C . sc ie n tists, in c lu d in g C allow . C allow c o n sid e red th e w hole tra n sa c tio n a m o d el o f how G o v e rn m e n t-s p o n s o re d research , u n d e rta k e n in th e n a tio n a l in te re st, c o u ld lead to co m m ercially valuable resu lts. It is of in te re st to n o te th a t to d ay , som e 30 years later, c o rtic o ste ro id s are still b e in g m a n u fa c tu re d fro m heco g en in .
D W o r k o n t h e p h e r o m o n e s o f b e e s K e n n e th C allow first b ecam e in te re ste d in bees from his frie n d sh ip w ith R. B. B o u rd illo n . In th e s u m m e r of 1948 th e C allow s w ere looking after th e B o u rd illo n s' house ju s t o u tsid e W en d o v er, w hich involved feeding and s h u ttin g u p th e bees. K e n n e th discovered a sw arm of bees on a b u sh , and after rap id ly looking up som e b ee -k e e p in g books he successfuly collected th e sw arm and hived it. M rs C allow says th a t he was ra th e r pleased w ith him self, as he had n ever seen a sw arm of bees before. H e sta rte d k eeping bees him self, b u t his actual e x p e rim e n tal in v o lv em en t began w h en D r C. G . B u tler (F .R .S . 1970) gave a talk at M ill H ill on h o neyb ee b eh av io u r. D r B u tler has p ro v id ed the follow ing n o tes on th is aspect of C allo w 's w ork.
'M y talk dealt largely w ith m y co n cep t of a su b stan ce secreted by th e q u een of a colony ( " q u een s u b sta n c e '') co n tro llin g the b e h a v io u r of the w o rk er bees in h er colony. M y colleague, D o reen G ib b o n s, and I had o b tain ed a very cru d e, b u t biologically active, ex tract of this " queen s u b sta n c e " by soaking w hole m ate d qu een s in ethanol, and I was seeking the help of a b io ch em ist to isolate and id en tify it. T h is, to m y g reat d elig h t, K e n n e th C allow agreed to try to do. H a p p ily th e a u th o ritie s at M ill H ill ag reed to o u r c o lla b o ra tin g in th is p ro je c t, an d in d eed did a g reat deal to help us. T h e re su lt w as th a t I su p p lie d C allow w ith c ru d e e x tra cts of q u e e n s fro m several p a rts o f th e w o rld , he p re p a re d v arious fra c tio n s o f w h a t he called th is " g o o " , a g lu e like, dark b ro w n su b sta n c e , and se n t th e m to m e for bioassay at R o th a m ste d .
'S oon afte rw a rd s, m y colleague Ja m e s S im p so n and I fo u n d th a t th e m a n d ib u la r glands of q u e e n s p ro d u c e a su b sta n c e w ith sim ilar biological p ro p e rtie s to th e c ru d e , e th a n o l e x tract. T h is sp eed ed u p th e w ork, and in 1961 C allow , N o ra h J o h n s to n (C allow s assista n t at M ill H ill), and I w ere able to p u b lish a p a p e r. A t th is tim e we su p p o sed th a t a single su b sta n c e , 9 -o x o d ec-^ra« s-2 -en o ic acid ( 9 -0 -2 for sh o rt) was p ro b a b ly resp o n sib le; later we fo u n d th a t " q u e e n s u b s ta n c e " is a m ix tu re of several su b sta n c e s, w h ich C allow a n d his colleagues identified. C allow and I show ed th a t 9 -0 -2 is biologically active in c o n tro llin g q u e e n -re a rin g by h o n ey b ees, a n d later (1962) an A m erican D r. N o rm a n E. G a ry , of C ornell U n iv e rsity , to w h o m we h ad sent a sam ple, show ed th a t it was also th e sex p h e ro m o n e a ttra c tin g d ro n es to a q u een w h en she is flying in th e o p en air on h er n u p tia l flights.
'9 -0 -2 w as in d eed only th e second insect p h e ro m o n e to be isolated and identified, th e first b e in g bo m b y k o l, the sex a ttra c ta n t of th e silk m o th , Bom byx mori, by B u te n a n d t and his co -w o rk ers.
'A t th is stage, we re q u ire d a large a m o u n t of p u re 9 -0 -2 for field trials, etc. T h ro u g h his p rev io u s co n tacts w ith G laxo L a b o ra to rie s L td , C allow was able to o b tain th e ir g en ero u s c o o p e ra tio n and a p ilo t p lan t was sent up and several k ilogram s of sy n th e tic 9 -0 -2 p re p a re d and given to us. As th is was th e only m o re or less p u re source o f 9 -0 -2 available at th a t tim e, we received m any req u e sts for sam ples, and C allow was able to su p p ly research w orkers in differen t co u n tries.
'A fter th e initial isolation of 9 -0 -2 from the qu een " g o o " , C allow m ade use of a " h o m e -m a d e " gas c h ro m a to g ra p h ic co lu m n at M ill H ill to fu rth e r th e w ork. It was, as I well re m e m b e r, a h ighly tem p e ra m en ta l piece of e q u ip m e n t an d , as C allow p u t it, " w orked only on M o n d ay s and F rid a y s w hen th e m oon was fu ll" . 'W h en he retire d from th e M edical R esearch C ouncil at M ill H ill, D r C harles P o tte r, H ead of th e insecticide d e p a rtm e n t at R o th a m sted, and I, as H ead of th e bee d e p a rtm e n t th ere at the tim e, w ere w ith the e n th u sia stic help of o u r D ire c to r, S ir F re d erick B aw den, F .R .S . successful in o b tain in g an an nual g ran t fro m the A g ricu ltu ra l R esearch C ouncil for C allow to c o n tin u e his w ork w ith m e at R o th a m sted . Soon afterw ard s, a gas c h ro m a to g ra p h /m a ss sp e c tro m e te r was o b tain ed and set up u n d e r C allo w 's g u idance in the insecticide d e p a rtm e n t at R o th a m sted . A fter m any tee th in g tro u b le s this a p p a ra tu s was used in a tte m p ts, som e of w hich w ere m ore successful th a n o th e rs, to isolate an d id en tify o th e r h o n ey b ee p h e ro m o n es, as well as th o se o f several o th e r insects.
'K e n n e th C allow an d I w o rk ed to g e th e r for several years u n til a b o u t 1971 or 1972 if I re m e m b e r c o rre c tly , w h e n C allow re lu c ta n tly re tire d for th e seco n d tim e. K e n n e th C allow w as very p o p u la r at R o th a m ste d ; he w as a m o st k in d ly and am u sin g c o m p a n io n , and I shall alw ays be g rate fu l for th e h a p p y years we en jo y ed w o rk in g to g e th e r on h o n e y b e e s .'
T h e last p e rio d of C a llo w 's w ork, w h ich co vered th e final years o f his stay at th e N a tio n a l In s titu te a n d th e six years he sp e n t at R o th a m ste d , w as p ro b a b ly one o f th e m o st scientifically p ro d u c tiv e of his life. T h e iso latio n of th e q u e e n bee su b sta n c e an d its id en tificatio n as 9-oxodectrans-2-enoic acid (4) (1957, Z. physiol. Chem. 308, p. 204) in royal jelly , and so m ew h at later (1959) th is su b sta n c e w as also isolated by C allow , Jo h n s to n & S im p so n from th e m a n d ib u la r glan d of th e w o rk er h oneybee. 9 -H y d ro x y d ec -P rm s-2 -e n o ic
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6 acid (6 ) w as fo u n d to be p re se n t also in th e secretion of the q u een bee and to act as a p h e ro m o n e in reg u la tin g th e b e h a v io u r of w o rk er bees, to g e th e r w ith th e c o rre sp o n d in g 9-oxo acid, b u t in ad d itio n it was fo u n d to stabilize h o n eybee sw arm s. T h e ch irality of th e asy m m etric carb o n atom in th is h y d ro x y acid was n o t estab lish ed . C a l l o w 's g e n e r a l s c i e n t i f i c i n t e r e s t s K e n n e th C allow alw ays had a great in te rest in the p u b lic a tio n of scientific w ork. H e becam e a m em b e r of th e editorial b o ard of Biochem ical Journal in 1946, and served in th a t capacity for 7 years. D u rin g p a rt of this p erio d he was d e p u ty ch airm an , i.e. from 1951 to 1953, w hile I was ch airm an of the b o ard . H is dislike of u nnecessary jarg o n , his insistence on clarity and brev ity m ade him an excellent ed ito r. L a te r on he becam e c h a irm a n of B iological and M e d ic a l A b stra c ts L td . H e w as also m u c h involved w ith th e Bee R esearch A sso ciatio n , th u s he w as a m e m b e r o f th e C ou n cil of th a t b o d y b e tw e en 1962 and 1974 , o c c u p y in g th e p o st of c h a irm a n (1 9 6 3 -6 8 ), an d later on becam e V ic e -P re sid e n t. H e w as also a V isito r o f th e R oyal In s titu tio n o f G re a t B rita in b e tw e en 1970 an d 1973. P e r s o n a l a s p e c t s K e n n e th C allow alw ays h ad a v ariety of in te re sts a p a rt fro m his w ork. H e was a keen g a rd e n e r, w ho reg u la rly c o m p e te d in th e flow er show at th e N .I .M .R . and w on som e prizes. H e w as a keen p h ila te list. H e collected b u tte rflie s and m o th s as a boy, a n d later becam e very m u c h involved in stu d y in g th e lives o f bees a n d an ts, especially a fte r he sta rte d w ork on p h e ro m o n e s. H e en joyed b ird -w a tc h in g , a n d w as good at id en tify in g w ild flow ers in v ario u s h a b ita ts; he w as also a c o m p e te n t p h o to g ra p h e r. C allow was keenly in te re ste d in m u sic an d op era, a n d he h ad a fair collection of reco rd s. H e w as especially fo n d of th e B eeth o v en q u a rte ts , as well as S h o stak o v ich and o th e r R u ssian co m p o se rs. H is in te re st in a rt was fairly co m p re h en siv e , and he also en joyed trav el an d h ad a good know ledge of c o n tin e n ta l E u ro p e , w h e re he trav elled extensively.
K e n n e th C allow h ad a m o st satisfying p riv a te life, he read w idely, an d he h ad a d isc e rn in g taste in food an d w ine. T h e C allow fam ily was closely knit; he left a w ife w ho had w o rk ed w ith h im in th e lab o ra to ry for som e years and sh a re d m any of his in te rests, a son, J o h n W illiam , w ho is a fo restry officer in local g o v e rn m e n t, and a d a u g h te r, A lice R osem ary (M rs L aidlaw ), w ho is engaged in rese a rc h w ith Bell N o rth e rn L a b o ra tories in O ttaw a. H e died su d d e n ly in his sleep on 12 A p ril 1983, after a tte n d in g a m ee tin g of th e local b e e-k eep ers.
A c k n o w l e d g e m e n t s G ra te fu l ack n o w led g em en t for help received in th e p re p a ra tio n o f th is m em o ir m u st be m ade to th e follow ing: M rs N an cy C allow , S ir C h risto p h e r A n d rew es, F .R .S ., D r C o lin B u tler, F .R .S ., S ir Jo h n C o rn fo rth , F .R .S ., S ir G o rd o n Cox, F .R .S ., D r Eva C ran e, P ro fesso r V ivian Jam es, S ir A lan P arkes, F .R .S ., D r P h ilip S pensley, D r Jam es W alker and D r T . S. W ork.
T h e p h o to g ra p h re p ro d u c e d was taken by W a lter B ird in 1966. 
